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ABSTRACT

A fluid pressure regulator for metallic flake pigment
and other potentially degradable paints is provided by
utilizing an orifice of such cross-section, shape and
length so as to provide the desired pressure drop while
at the same time maintaining flow in the laminar regime

through the regulator.

| 16 Claims, 1 Drawing Sheet
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1
NON-DEGRADING PRESSURE REGULATOR

BACKGROUND OF THE INVENTION

Pressure regulators are in general well-known and
most times are an integral and required part of any fluid
- distribution and pumping system. In particular, fluid
circulating systems which circulate fluid under pressure
and return unused fluid to a reservoir generally require
the inclusion of a back pressure regulator to maintain
the desired pressure in the circulating system. Such
circulating systems are in general well-known and in
widespread use.

One such use to which such systems are put is in
circulating paint or other coating materials in industrial
environments such as automobile manufacturing facili-
ties. It is particularly important that the paint in such
facilities be maintained in constant circulation and agita-

~tion so that the solids suspended in the paint are main- .

tained in a homogenous mixture. Further, it is important
particularly for metallic paints that the metallic flakes
present in the paints be treated as gently as possible so as
to prevent damage to the flakes and resulting change in
the appearance of the paint.

It has been discovered that one of the primary con-
tributors to paint degradation particularly of metallic
flake pigments, is the back pressure regulator which is
present in most circulating systems. It is therefore an
object of this invention to provide a back pressure regu-

lator which is capable of regulating pressure to desired
levels and yet which does not provide degradation of
metallic and other similarly fragile paints and like mate-
rials. It is further an object of this invention that such a
regulator be easily and inexpensively manufactured as
well as easily integrated into a system. It is yet another
object of this invention to provide a regulator which is

easily flushed.

SUMMARY OF THE INVENTION

It has been discovered that by maintaining paint in a
laminar flow condition, paint and flake degradation is
drastically reduced if not totally eliminated. The instant
invention therefore aims to provide a regulator which
maintains the paint in the laminar flow regime while at

the same time providing the desired pressure drop
through the regulator. Towards this end, an orifice is

provided which has such a shape, diameter and length
as to maintain laminar flow. In particular, this is accom-
plished with a piece of pipe or other conduit having a

solid body located concentrically therewith, leaving a
thin annular opening between the conduit and the body.
The ends of the solid body are suitably rounded so as to

provide a smooth transition into the annular opening,
thereby encouraging laminar flow and yet providing
the desired pressure drop. The pressure drop, within
limits, may be varied by changing the length of the
body or by varying the annular spacing between the
two parts of the instant invention.

Of course, it should be recognized that other orifice
configurations may be utilized to achieve the same re-
sult. For instance, flow may be directed between a pair
of parallel plates having a gap, width and length suffi-
cient to maintain the desired pressure drop and laminar
flow. |

These and other objects and advantages of the inven-
tion wiil appear more fully from the following descrip-
tion made in conjunction with the accompanying draw-
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2

ings wherein like reference characters refer to the same
or similar parts throughout the several views.

A BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a partially cut-away, longitudinally cut-
away view showing the pressure regulator of the instant
invention.

FI1G. 2 1s a sectional view taken along Line 2—2 of
FIG. 1.

FIG. 3 shows the pressure drop/flow characteristics
of the instant invention.

- FIG. 4 shows a schematic of a paint circulating sys-
tem in which the instant invention is utilized.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The device of the instant invention 10 is comprised
generally of an elongated conduit or passageway which
may be formed out of a piece of pipe 12 having an inside
diameter 14. Located inside pipe 12 is a solid body
which may be formed of a thick piece of rod 16 which
has both ends 18 formed to a rounded point. The rod 16
is located within the pipe 12 by means of three small
pins 20 which equally space the rod from the inside
diameter of the pipe to form an annular opening there
between. The shape of either end 18 of the rod is such

as to promote a gentle transition into the annular orifice
22. The orifice 22 has inside and outside diameters and
a length such as to promote laminar flow therein.

An example of the instant invention has been de-
signed for use with a paint having a viscosity of approxi-
mately 75 centipoise. The design of the example is engi-
neered to provide the pressure drop characteristics
shown in FIG. 3. In this example, the pipe 12 has a
nominal inside diameter of 0.824 inches and the rod has
an outside diameter of 0.742 inches. This provides. an
annulus or orifice thickness 22 of approximately 0.041
inches. These figures are relatively critical and should
be closely maintained for best results. In order to main-

tain the desired pressure drop, the length of the full

diameter rod is 12 inches with the tapers on either end
18 being approximately one-half inch each in length.
This construction yields an efficient yet easily manufac-
tured pressure regulator which provides vastly im-
proved results over traditional designs.

In general, for designing a pressure regulator accord-
ing to the instant invention, laminar flow is desired.

Laminar flow 1s characterized by a Reynolds number
(RE) which occurs at less than 1,000 but preferably less
than 200. The Reynolds number is defined as follows:

RE=gVd/v

where:

d=density of fluid

g=gap of device

V =velocity of fluid in gap

v=viscosity of the fluid

In general, the length of the device or the length of
the gap must be at least ten gap-widths long, which
leads to the equation L is greater than 10 g where
L =Ilength of device. The pressure drop resulting from
such a device can be characterized by the following
equation:

DP=KvQL/D/g3

where:
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DP =pressure drop

D =diameter of device of the gap or width of gap

K. =a dimensionless constant for the particular device

Q=volumetric flow rate through the device.

Such equations apply to any annular or flat plate type
device and it 1s preferred that the device have relatively
small gaps and relatively long lengths.

Viscosity and density are characteristics of the fluid
being pumped and flow rate is normally defined by the
system in which the regulator will be used. Thus, for a
fixed gap and length, the flow and pressure drop are
directly proportional. This general relationship can be
seen 1n FIG. 3. In order to provide an adjustable pres-
sure drop, either the length of the device or the gap
must be vanied.

A general schematic of a typical circulating system is
shown in FIG. 4. In that system, the intake of a pump 24
Is connected to a reservoir 26 containing a paint or
other fluid to be pumped. The output of pump 24 is fed
around a loop to the back pressure regulator 10 of the
instant invention, the output of which returns to reser-
volr 26. Between pump 24 and back pressure regulator
10 one or more take-offs 28 may be provided which are
in turn connected to a pressure regulator 30 which
directly controls the pressure for a particular applica-
tion device 32 which may be a spray gun or the like.

It is contemplated that various changes and modifica-
tions may be made to the NON-DEGRADING PRES-
SURE REGULATOR without departing from the
spirit and scope of the invention as defined by the fol-
lowing claims.

What is claimed is:

1. A pressure regulator in combination with a mate-
nial supply system having a reservoir and a pump and
containing materials which degrade in turbulent flow,
said pressure regulator comprising an orifice having
such shape, cross-sectional area and length so as to
produce a predetermined pressure drop for a given
material at a given flow rate while maintaining flow
through the regulator in the laminar regime at all times
in order to prevent degradation of said degradable ma-
terials.

2. The pressure regulator of claim 1 wherein said
regulator is placed in a fluid conduit, said orifice being
formed by a restricting member located in said conduit,
the space between said member and said conduit consti-
tuting said orifice.

3. The pressure regulator of claim 2 wherein said
member has gently rounded ends so as to maintain lami-
nar flow during transition to and from said regulator.

4. The combination of claim 1 wherein said material is
a paint.

5. The combination of claim 4 wherein said paint is a
metallic paint.

6. A coating material circulation system having a
predetermined range of flow rates and comprising:
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a material to be circulated through said system, said
material having a density and a viscosity and being
susceptible to degradation;

a reservoir containing said material;

a circulating loop;

a pump, said pump withdrawing material from said
reservolrr and pressurizing said loop;

at least one takeoff connected to an application de-
vice; and

a pressure regulator connected between said loop and
said reservoir, said regulator having an orifice gap,
length and shape such that the Reynolds number

(RE) 1s less than 1000, where

RE=gVd/y

where:
d==said material density
g=orifice gap
V =material velocity in the gap
v=material viscosity
and where said orifice length for flow rates in said
predetermined range is greater than 10 g,
whereby laminar flow if maintained and material
degradation is prevented.
7. The system of claim 6 wherein RE is less than 200.
8. The coating material circulation system of claim 6
wherein said material is a paint.
9. The coating material circulation system of claim 8
wherein said paint is a metallic paint.
10. A method of regulating the pressure of a degrade-
able fluid material having a density, flow rate and vis-
cosity without causing undue degradation and compris-
ing the steps of:
passing the fluid through an orifice having a gap and
a length; and

maintaining the flow through said orifice in the lami-
nar regime at all times in order to prevent degrada-
tion of said degradable materials.

11. The method of claim 10 whereby said flow
through said orifice has a Reynolds number of less than
200.

12. The method of claim 11 wherein gap is variable to
regulate pressure.

13. The method of claim 11 wherein said length is
variable to regulate pressure.

14. The method of claim 11 wherein RE=gVd/v
where:

g==said gap

V =fluid velocity through said gap

d=said fluid density

v=sald fluid viscosity.

15. The method of claim 10 wherein said material is a
paint.

16. The method of claim 15 wherein said paint is a

metallic paint.
x E x * x
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